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Abstract

We present a comparison of respondent-driven sampling (RDS) and time-location sampling (TLS) 

for behavioral surveillance studies among men who have sex with men (MSM). In 2010, we 

conducted two simultaneous studies using TLS (N = 609) and RDS (N = 507) in Guatemala city. 

Differences in characteristics of the population reached based on weighted estimates as well as the 

time and cost of recruitment are presented. RDS MSM were marginally more likely to self-report 

as heterosexual, less likely to disclose sexual orientation to family members and more likely to 

report sex with women than TLS MSM. Although RDS MSM were less likely than TLS MSM to 

report ≥2 non-commercial male partners, they were more likely to report selling sex in the past 12 

months. The cost per participant was $89 and $121 for RDS and TLS, respectively. Our results 
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suggest that RDS reached a more hidden sub-population of non-gay-identifying MSM than TLS 

and had a lower implementation cost.
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Introduction

Men who have sex with men (MSM) have been disproportionately affected by the HIV/

AIDS epidemics in many parts of the world including Latin America [1]. In 2001, a multi-

country cross-sectional study, the Estudio Multi-céntrico, estimated HIV prevalence among 

MSM in Guatemala city at 12 % and incidence at 2.1 per 100 person-years (n = 165) [2]. A 

more recent 2006 study estimated HIV prevalence among MSM at 18 % (n = 300) [3]. 

These two studies were non-probability samples, making inference regarding the MSM 

population questionable.

Accurate and precise data on the behaviors in this population at risk are critical for tracking 

the direction of the epidemic, planning effective responses, and monitoring and evaluating 

those responses. MSM are considered a difficult-to-reach or hidden population for disease 

surveillance: many do not self-identify as gay, homosexual or bisexual and study 

participation is complicated by high degrees of stigmatization [4]; there is no practical way 

of constructing a sampling frame to permit standard random sampling methods; and, as 

MSM constitute a relatively small proportion of the male population [5], sampling via 

population-based surveys is cost-prohibitive. The most commonly used non-probability 

approach to sampling MSM has been snowball sampling, which is thought to increase 

efficiency, identification, and inclusion of hidden populations by having members of the 

target population recruit other members [6]. However, the degree to which snowball samples 

represent the population is unknown because of biases inherent in peer-recruitment methods, 

including dependence on the choice of initial recruits [7].

The main approaches to probability-based sampling for surveillance of MSM include time-

location sampling (TLS) and respondent-driven sampling (RDS). TLS seeks to approximate 

a probability sample by mapping the universe of venues frequented by members of the target 

population and the days and times when population members tend to be present. Individuals 

from a random sample of the enumerated time-venue units are then selected for recruitment 

into the study, by random selection or a “take-all” strategy in which all individuals present 

are invited to participate in the study [8, 9]. A limitation of TLS is that inference is limited to 

individuals who frequent venues. RDS attempts to overcome this limitation by recruiting 

members of hidden populations through their social networks. Unlike snowball sampling, 

RDS controls for peer-recruitment biases by limiting the number of recruits per participant 

and through statistical weighting to account for differences in self-reported network size—

which is presumed to be related to selection probability—and associations on variables of 

interest among recruiters and recruits [10–12]. RDS analysis has been an area of active 

research, including assessments of the validity of variance estimates available for RDS and 
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how they may be affected by violations of RDS’s theoretical assumptions [13–17]. In 

contrast, although TLS is based on standard survey theory, it has not benefited to the same 

degree from evaluations of performance of estimators in practice or diverse analytical 

approaches in current use [18].

Reviews of available methods for surveillance in hard-to-reach populations [19, 20] and 

more than 200 RDS studies in 36 countries [20–23] have concluded that RDS remains a 

promising and effective sampling method when appropriately designed and implemented. 

Venue-based approaches continue to be more common for surveillance of MSM in 

developed countries [24].

Of key interest is whether TLS and RDS reach qualitatively different populations in practice. 

Most comparisons of TLS and RDS to date have been based either on analyzing RDS 

samples stratified by variables of interest (e.g., venue-going and non-venue-going) [25–27], 

different recruitment methods applied during different periods [28], or have been limited by 

small sample size [29] and unweighted analyses [30]. Two previous studies compared RDS 

and TLS in real time [29, 31]. The first, among MSM in San Francisco, found that RDS was 

able to reach more hidden segments of the Black MSM population compared with TLS [29]. 

The second study, was conducted among female sex workers in China, and found higher 

syphilis prevalence among women recruited through TLS compared to RDS, but similar 

reports of risk behaviors.

We present a head-to-head comparison of separate RDS and TLS behavioral surveillance 

studies conducted simultaneously in Guatemala city, Guatemala. We examine differences in 

the population reached in terms of demographic and geographic characteristics, indicators of 

HIV risk behavior and access to HIV services. Finally, we compare the cost and time 

required to recruit the two MSM samples.

Materials and Methods

Sample and Study Design

Two cross-sectional surveys were conducted simultaneously among MSM in Guatemala city 

from July to December, 2011. The sample size of 500 for each strategy was estimated with a 

design effect of 2.0. Approval was obtained from the U.S. Centers for Disease Control and 

Prevention’s Global AIDS Program Associate Director for Science Office and the Del Valle 

University of Guatemala’s Ethics Committee Board.

Men could participate if they were at least 18 years of age, resided in Guatemala city at the 

time of interview, reported sex with a man in the past 12 months, and consented to 

participate in the study. Men could participate in either or both TLS and RDS surveys, but 

could not participate in either more than once. Individuals under the influence of alcohol or 

illicit drugs were not eligible to participate.

Prior to implementation, we conducted formative research to adapt study procedures to the 

Guatemalan setting, collect epidemiological information on MSM in Guatemala, raise 
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community awareness, inform questionnaire development, and define appropriate incentives. 

Methods specific to each sampling method are described below.

RDS Methods

During formative research we determined whether social networks were strong enough to 

support the RDS methodology, identified RDS seeds, determined proper study site locations 

and hours of operation. Eight seeds were selected who were popular (i.e., having many 

network connections) and who were diverse with respect to age, ethnicity, level of education 

and residential location. The RDS survey was conducted at a health clinic operated by the 

non-governmental organization (NGO) Fundación Marco Antonio, which offers primary 

health care, HIV and STI testing and treatment services and was easily accessible by public 

transportation. Each of the seeds received 2 unique coupons to distribute to their peers. All 

men with a coupon were screened for eligibility, asked to provide written informed consent 

and completed a 20–25 min interviewer-administered questionnaire on a handheld-assisted 

personal interview (HAPI) instrument. Following the survey, participants received 

educational materials, a voucher for groceries equivalent to U.S. Dollars (USD) 6 and 2 

recruitment coupons. Study staff explained to seeds and other participants how to recruit 

peers and how to return to collect a secondary incentive of USD 4 for each of a maximum of 

two successful referrals. This process was repeated until the sample size was achieved. The 

following questions were used to assess network size: How many transgender and MSM do 

you know, who know you and who live in this city? Of these, how many are 18 years of age 

or older? Of those, how many have you seen or spoken to in the past 30 days?

TLS Methods

We used TLS methodology that has been described in detail previously [9]. During 

formative research, we identified potential venues from local gay publications and lists 

developed during previous studies, through interviews and focus groups with key 

informants, and by conducting an online survey among MSM promoted by local sexual 

diversity NGO’s. Eligible venues identified included street locations, dance clubs, bars, 

businesses, community organizations, bathhouses, health clubs, Internet cafes, restaurants, 

shopping malls and parks. For logistical reasons, we constructed a sampling frame from the 

set of venues expected to yield at least 7 eligible men during an average 4-hour venue-day-

time (VDT) sampling event.

Monthly, ~40 venues were randomly selected without replacement, 2 venues were selected 

with certainty (purposefully selected by study staff), and one VDT was selected for each 

venue. Replacement VDTs were randomly selected for each of the selected venues and used 

when sampling could not be conducted at the original venue (e.g., when the primary venue 

had closed). Venues that closed permanently or VDTs that consistently produced fewer than 

7 eligible participants were deleted from the sampling frame. At the randomly selected VDT, 

interviewers approached participants systematically (i.e., every 5th person), provided 

information about the study, applied a written informed consent process, administered the 

questionnaire using a HAPI instrument and distributed educational materials and the USD 6 

primary incentive. The number of men present at each VDT and limited data on men who 

refused to participate were also collected.
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Cost Estimation

We used an ingredients-based costing approach to estimate the total cost per study and unit 

costs per participant for each sampling strategy [32]. Cost data were collected by project 

phase (i.e., planning and implementation) and by major cost category (i.e., equipment, 

materials and supplies, personnel, protocol development, rent and utilities and transport). 

The planning phase included start-up costs, which we defined as the cost of protocol 

development, formative research and mapping of venues. The implementation phase 

included project running costs. Personnel costs during each phase included the cost for local 

office and field staff and the cost for technical assistance by headquarters staff (using wage 

rates for U.S. staff adjusted for the number of hours worked). Technical assistance by 

headquarters staff included assistance with protocol development and approval, preparation 

of study questionnaire, piloting of questionnaire, preparation of standard operating 

procedures, development of the event calendar for TLS, troubleshooting during data 

collection, and statistical support during the sampling design and data analysis. All costs are 

presented in 2011 U.S. dollars. The estimated cost per participant was derived as the total 

study cost divided by the number of study participants.

Measures

During both studies, trained interviewers administered a standardized questionnaire using 

handheld computers. Variables to assess differences in population characteristics included 

socio-demographics, HIV risk behaviors and exposure to HIV testing and prevention 

services. Binge drinking was defined as drinking ≥5 alcoholic beverages at one sitting at 

least once in the past 30 days. Exchange sex was defined as having sex with someone in 

exchange for money or drugs. Consistent condom use was defined as always using condoms 

when having anal sex in the past 12 months with all sexual partners (i.e., main, casual and 

exchange). Concurrency of sexual partners was defined as overlapping sexual partnerships 

and was assessed based on question items regarding the starting and ending date of each of 

the last three partners during the past 12 months. HIV knowledge was assessed using the 

knowledge indicator developed by the Joint United Nations Programme on HIV/AIDS 

(UNAIDS) [33].

Data Analysis

We used the Respondent-Driven Sampling Analysis Tool version 6.0.1 (Cornell University, 

Ithaca, NY, USA) to adjust the RDS data for differences in network size and recruitment 

patterns. We examined the equilibrium of key variables and recruitment patterns by key 

demographic characteristics to identify potential biases associated with recruitment.

TLS survey data were weighted and analyzed using survey procedures in SAS 9.2 (SAS 

Institute Inc., Cary, NC, USA). Venues were treated as the primary sampling units (PSU). 

Sampling weights were calculated as the inverse of the product of a three-stage selection 

probabilities, in which the stages comprised sampling of venues, VDTs and participants, 

respectively. Replacement VDTs were assumed to have the same selection probabilities as 

the originally selected VDTs. Sampling weights were adjusted for non-response and for 

unequal selection probabilities of venue attendees [34]. Men attend venues with different 

frequencies, and this results in frequent visitors having a higher chance of being selected to 

Paz-Bailey et al. Page 5

AIDS Behav. Author manuscript; available in PMC 2017 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



participate in the study due to the multiple venues, days and times attended. The different 

patterns of attendance result in multiple routes of selection for certain individuals. To adjust 

for multiple routes of selection, the sampling weights were divided by the product of the 

fraction of the year that the study occurred (53 days/365.25 days) and the self-reported 

frequency with which participants attended venues. Self-reported frequency of venue 

attendance ranged from “never” to “daily”, where “never” was assigned a value of 1.0 (as 

the participant was present at a venue at the time of sampling), and “daily” was assigned a 

value of 365. To approximate the number of eligible MSM present at each VDT, the count of 

all males present at each recruitment event as recorded by study staff was multiplied by 

either (1) the relative proportion of eligible MSM at gay and mixed sites (a “mixed” site had 

both gay and non-gay attendees, such as a bar with 50 % gay attendees) or (2) the estimated 

proportion of MSM (roughly 3 %) in Guatemala city at public sites (e.g., malls and 

restaurants). Extreme weights were trimmed based on a method developed by Westat© [35].

Unpooled Z tests were used to test for differences between survey-adjusted RDS and TLS 

proportions, where the test was constructed as the difference between the two estimates 

divided by the square root of the sum of their variances. Chi square tests were used to test 

for differences for categorical variables with 3 or more levels. The Chi square tests were 

adjusted for the complex sampling designs by dividing the Chi square test statistics by the 

average of the design effects from RDS and TLS for the variable under investigation [36]. P 
values ≤0.05 were considered statistically significant and values between 0.05 and 0.10 were 

considered marginally statistically significant. We estimated the square root of the design 

effect (DEFT) as the ratio of the standard error of the adjusted estimate to the standard error 

under a simple random sample of the same sample size. The DEFT describes how much the 

sample standard error, and consequently the confidence intervals, increases compared to a 

simple random sample [37]. A comparison of the unweighted TLS and RDS-estimated 

proportions was not conducted since the purpose of this study was to evaluate differences in 

the MSM sub-populations reached by both sampling strategies and not in the samples 

themselves.

Maps showing the residential zone for participants were created with ArcGIS version 10.0 

(ESRI, Redlands, CA, USA).

Results

RDS and TLS Recruitment

A total of 516 individuals were recruited by the RDS study. Of these, 9 were excluded 

because they did not report anal sex in the past 12 months, leaving a final sample of 507 for 

analysis. Among the eight seeds, the most productive resulted in 21 waves comprising 167 

participants (Table 1). Of participants, 42 % recruited no peers, 17 % one, and 41 % two 

peers. For TLS, of 102 venues identified, 54 were deemed eligible and constituted the 

sampling frame, 82 sampling events were conducted and 69 sampling events yielded 

interviews, while 13 produced zero interviews. There were 2,901 men approached, 55 % 

(1,603) accepted the eligibility screening. Of these, 738 were eligible, 628 agreed to 

participate and 609 were interviewed. Of participants, 27 % were recruited at clubs, 22 % at 
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street intercepts, 12 % at bars, 10 % at shopping malls, 10 % at NGOs, 9 % at restaurants, 

7 % at saunas, 2 % at cyber cafes, and 1 % at a movie theater.

Demographics, Behaviors and Service Utilization

The median age of participants in the RDS study was 26 years (interquartile range [IQR]: 

22–34 years) and the median network size was 15 MSM contacts seen in the past 30 days 

(IQR: 5–40). The median age of participants in the TLS study was 25 years (IQR: 22–30 

years) and the median network size was 14 MSM (IQR: 5–30).

There was no difference in age, income or marital status. However, RDS MSM were less 

educated than TLS MSM, with 11 versus 27 % having some university education (P < 

0.001) (Table 2). The proportion that identified as heterosexual was marginally higher in 

RDS than TLS (15 versus 5 %, P = 0.08). RDS MSM were less likely to disclose to family 

members that they were attracted to other men (45 versus 62 %, P = 0.01), more likely to 

report sex with a woman in the past 12 months (46 versus 27 %, P = 0.02) and marginally 

less likely to report consistent condom use with women than TLS MSM (45 versus 62 %, P 
= 0.07) (Table 3). Although RDS MSM were less likely to report more than 2 non-

commercial male sex partners in the past 12 months (46 versus 60 %, P = 0.02), they were 

more likely to report selling sex (56 versus 35 %, P = 0.01) and concurrent sexual 

partnerships (62 versus 33 %, P < 0.001) in the past 12 months. There was no difference in 

consistent condom use with male partners (63 versus 67 %, P = 0.47) or using the Internet to 

meet sex partners (18 versus 20 %, P = 0.72).

Injection drug use was low overall (<2 %) and there was no difference in non-injection drug 

use in the past 30-day (21 % for both studies). Past 30-day alcohol binge drinking was 

marginally lower in RDS than TLS (49 versus 64 %, P = 0.07). There was no difference in 

the estimated proportion of MSM ever tested for HIV (72 and 78 %), reporting an HIV test 

in the past 12 months (55 and 62 %) or receiving HIV or sexually transmitted infection 

services at a health clinic in the past 12 months (74 and 80 %). However, more RDS MSM 

had participated in an HIV prevention intervention in the past 12 months than TLS MSM (62 

versus 44 %, P < 0.01). Self-reported HIV positivity (5 % for both) and levels of 

comprehensive HIV knowledge (43 and 37 %) were similar among RDS and TLS 

participants.

The mean DEFT in RDS was 1.7 (range 0.9–2.0) compared to 3.1 (range 1.7–4.3) in TLS. 

This means that confidence intervals were on average 1.7 times larger in RDS and 3.1 times 

larger in TLS as compared with a simple random sample. This suggests that the TLS study 

had a smaller effective sample size as compared with RDS. For example, for the age 

category 18–24 years the DEFT was 1.7 in RDS and 2.7 in TLS. For HIV testing in the past 

12 months, it was 1.7 and 2.6, respectively.

Geographical Coverage

Figure 1a, b show the distribution of participants by zone of residence within Guatemala 

city. Together, RDS seeds resided in 4 of the 22 residential zones in Guatemala. For TLS, 

most venues were concentrated in the historic district (zone 1). TLS recruited participants 
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from a broader geographic area. TLS resulted in participants who resided in all 22 of the 

city’s zones compared to 18 of the 22 zones for RDS.

Cost and Logistics for RDS and TLS

Formative research was conducted in 4 weeks for RDS and 8 weeks for TLS. However, this 

difference was balanced out when the time to achieve sample size was included. Full 

recruitment was accomplished in a shorter time frame in TLS than in RDS, 8 and 11 weeks, 

respectively (Fig. 2).

The cost for the RDS study was USD 44,876 (Table 4), 71 % of which was incurred during 

the implementation phase and 29 % during the planning phase. Personnel and materials and 

supplies accounted for the largest share of the study cost. The cost per participant for RDS 

was USD 89.

The cost for the TLS study was USD 73,505, distributed as 47 % during the planning phase 

and 53 % in the implementation phase. The largest share of total cost for TLS went towards 

personnel and transportation. Together these accounted for 80 % of the total. The cost per 

participant for TLS was USD 121.

Discussion

Our study found that population estimates obtained through RDS and TLS sampling were 

comparable with respect to age and income, but different for other important social and 

behavioral characteristics. RDS reached more hidden MSM, in terms of being less likely to 

be out about their sexuality. RDS MSM were also more likely to report sex with a woman, 

unprotected sex with women, recent sex work and concurrent partners. TLS MSM had a 

higher number of non-commercial partners and marginally higher binge drinking and were 

less likely to report participation in HIV prevention activities. Despite the concentration of 

MSM venues for TLS in one residential zone, TLS achieved a broader geographical 

coverage in terms of participants’ neighborhoods of residence.

Because RDS is driven by peer referral, it has been hypothesized that it can reach more 

hidden segments of the population. In our study, a higher proportion of RDS MSM self-

identified as heterosexual and reported sex with women than TLS MSM. Sex work was 

commonly reported in both samples but was higher in RDS and could in part explain the 

higher estimated proportion of concurrence. We found higher coverage of prevention 

interventions among RDS MSM. Our choice of study site—a sexual diversity NGO offering 

HIV prevention and other primary health care services—may be in part responsible for the 

higher prevention coverage among RDS participants. However, this could also be explained 

by the challenges faced by prevention programs for MSM in Guatemala. Prevention 

interventions for MSM in Guatemala are mainly supported by the Global Fund and delivered 

at health facilities, community based organizations, streets, parks and venues [38]. It is 

commonly reported that gay venues such as saunas, dance clubs and bars do not provide 

permission to conduct outreach activities inside the venues.1

1Cesar Galindo, Del Valle University of Guatemala, personal communication, 2012.
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The large DEFT found for both studies should be considered when calculating sample sizes 

for future surveys. The DEFT reported in this study (estimated as the square root of the 

design effect) is equivalent to average design effects of approximately 3 in RDS and 10 in 

TLS. While there have been several assessments of design effects for RDS [39–43], design 

effects for TLS have rarely been reported [44]. A recent assessment suggests TLS design 

effects range from 1 to 10 [44]. Improvements in sampling design, for instance by 

combining the first two sampling stages (selection of locations and times) or selecting 

venues with probability proportional to size, could potentially reduce sampling variance and 

improve design effects [34]. Studies using RDS have reported design effects ranging from 2 

to 4 [39–43]. However, a simulation study suggested the design effect for RDS may be 

greater than 20; while 95 % confidence intervals should contain the true population 

proportion 95 % of the time, the study found that standard RDS 95 % confidence intervals 

only contained the true population proportion about 50 % of the time [14]. Thus, the true 

design effects for RDS may be larger than estimated by current analytical methods and thus, 

larger than what we report in this study.

We found that the cost per interview was higher in TLS than RDS. The TLS planning phase 

cost was almost 3 times that for RDS. The planning for TLS required extensive formative 

work to construct a sampling frame of venues, verification of venues identified and an initial 

enumeration count, which also meant additional staff and transportation costs. External 

technical assistance was required for both methods. The need for external assistance in other 

contexts will depend on local capacity and experience with HIV surveillance surveys.

There are several limitations to our study. First, in the absence of a gold standard for 

surveying MSM, it is difficult to assess the representativeness of the samples obtained by the 

different sampling strategies. Generally, the total population data required for a robust 

evaluation are generally unavailable on hidden and stigmatized groups such as MSM. As no 

biological markers were collected, we were neither able to assess differences in prevalence 

of HIV infection nor the challenges associated with collecting biological specimens. Also, 

we were not able to compare response rates by recruitment strategy since we did not collect 

information on the number of eligible individuals who refused to participate in the RDS 

study. Finally, social desirability may have led to under-reporting of stigmatized behaviors in 

both samples.

While it is difficult to say whether RDS and TLS samples will yield similar results in other 

countries and settings, our results from Guatemala city are consistent with empirical 

knowledge about these two sampling methods in other places. RDS reached MSM who were 

less educated, less likely to be “out” and more likely to have had sex with women. This is an 

important population to survey in countries with high levels of stigma where MSM and 

women contribute to transmission from higher prevalence groups to the general population. 

In contrast, TLS reached a population with a greater number of sexual partnerships, less 

exposure to prevention, and that was more likely to abuse alcohol. The mapping of venues 

and interaction with members of the community provide valuable information for future 

planning of public health interventions among MSM. Because TLS is based on standard 

survey methods, it has the advantages of a more established theoretical basis and standard 

methods for statistical analysis using widely available software [44]. RDS is based on 
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participants’ social networks and permits calculation of population estimates of the 

networked population. Of note, both methods depend on important theoretical assumptions 

that may not hold true in real-world scenarios.

The findings of this comparison suggest that researchers should carefully consider study 

objectives and available resources when choosing a sampling method. The choice between 

RDS and TLS should be based on the appropriateness of the sampling method for the 

population of interest (e.g., social connectedness of the population to warrant RDS, 

sufficient concentration of the population in venues to warrant TLS), resources available, 

ease of implementation, and feasibility in conducting the analysis. Researchers and public 

health officials should consider the need for consistency in surveillance methods as these 

may influence the sample composition and ability to evaluate trends over time.
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Fig. 1. 
Maps of study area showing residency of participants recruited through respondent-driven 

sampling (RDS) and time-location sampling (TLS) in Guatemala city, 2010. a Residency of 

participants and seeds and location of study site for RDS. b Residency of participants and 

location of venues for TLS
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Fig. 2. 
Cumulative number of participants over time for respondent-driven sampling (RDS) and 

time-location sampling (TLS) among men who have sex with men in Guatemala city, 2010
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Table 1

Number of referrals and waves per seed during respondent driven sampling recruitment among men who have 

sex with men in Guatemala city, 2010

Seed ID No. referrals (%) Cumulative (%) No. waves

1 168 (33.3) 33.3 21

2 146 (28.7) 62.0 19

3 90 (17.8) 79.8 12

4 51 (10.0) 89.8 17

5 47 (9.2) 99.0 8

6 3 (0.6) 99.6 2

7 2 (0.4) 100.0 2

8 0 (0) 100.0 0
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Table 4

Survey costs to recruit men who have sex with men in Guatemala city using respondent-driven sampling 

(RDS) and time-location sampling (TLS), 2012

Cost category RDS TLS

Planning Implementation Planning Implementation

Equipment – $1,227 – $2,100

Personnel $6,401 $15,767 $19,563 $23,134

Protocol development $6,608 – $6,608 –

Recruitment and training – $613 $438 $488

Rent and utilities – $1,170 – –

Materials/supplies – $7,435 $645 $4,989

Transport $75 $5,580 $7,478 $8,063

Total cost per phase $13,084 $31,792 $34,732 $38,774

Total cost $44,876 $73,505

Number of participants 507 609

Cost per participant $89 $121

Costs are reported in U.S. dollars
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